Based on the independent measurements on neutrino mass splitting |∆m The simple analysis indicate that both normal and inverted hierarchy are consistent with current experimental measurements on mass splitting. The p-value for normal hierarchy and that for inverted hierarchy are 62% and 55%, respectively. This reveals a slight favor for the normal hierarchy. It is suggested that further measurements on the mass splitting with higher accuracy are necessary to determine the neutrino mass hierarchy.
Based on the independent measurements on neutrino mass splitting |∆m The simple analysis indicate that both normal and inverted hierarchy are consistent with current experimental measurements on mass splitting. The p-value for normal hierarchy and that for inverted hierarchy are 62% and 55%, respectively. This reveals a slight favor for the normal hierarchy. It is suggested that further measurements on the mass splitting with higher accuracy are necessary to determine the neutrino mass hierarchy. . In spite of these accurate measurements on the neutrino mass splitting, we still know nothing about whether neutrinos are in normal hierarchy (NH), i.e., m 1 < m 2 < m 3 , or in inverted hierarchy (IH), i.e., m 3 < m 1 < m 2 . Obviously, ∆m The mass hierarchy of neutrinos is a fundamental issue concerning the properties of neutrinos, thus feasibility to determine the mass hierarchy through medium baseline reactor neutrino experiments is explored [3] [4] [5] . An estimation of ∆m 2 32 based on Bernoulli distribution and a Bayesian approach to quantify the confidence level of neutrino mass hierarchy is proposed [6] . The Bayesian formula for the confidence level of hierarchy is also discussed and derived in Ref. [7] . Requirements on reactor neutrino experiments and a Fourier analysis method to determine mass hierarchy are studied [8] [9] [10] . The JUNO experiment is expected to determine the mass hierarchy at a significance of 4σ in six years [11] .
In practical experiments, directly measured mass splitting are the absolute values of the effective mass splitting * Published in Mod. Phys. Lett. A 29, 1450096 (2014). † Electronic address: mabq@pku.edu.cn ∆m 2 ee inν e →ν e (reactor) mode and ∆m 2 µµ in ν µ → ν µ andν µ →ν µ (accelerator) mode. It is natural trying to determine the neutrino mass hierarchy directly using these two measurements on effective mass splitting |∆m µµ | can be used to determine the mass hierarchy [12] .
In fact, the effective mass splitting ∆m by [11, 12] +O(∆m
∆m
where
with L in Eq. (4) being the distance traveled by the neutrino and E being its energy. In the MINOS experiment, L/E ∼ 250 km/GeV [13] , and in the Daya Bay experiment, L/E ∼ 500 km/GeV [14] . For these L/E values, ∆ 2 ∼ 0.002. Detailed calculations show that the higherorder terms of Eqs. (1), (2) and (3) introduce a relative error about 0.06%, which is small enough for us to neglect these higher-order terms. From Eqs. Here, η α is derived from the absolute values of the elements in the Pontecorvo-Maki-NakagawaSakata (PMNS) mixing matrix [15] . Referring to the PMNS matrix in the standard parametrization [16] 
sin 2 θ 13 = 0.0244
−0.0025 . Because there are no measurements on the CP phase δ yet, in the following calculations we simply set cos δ = 0 ± 1. The effect of δ on the fitting results is analyzed in Sec. IV.
From Eqs. (3) and (6), we arrive at η e = 0.693
η µ = 0.326
η e − η µ = 0.367
That is, we have η e − η µ > 0 at a significance of 3σ. Consequently, the sign of |∆m by about 2%. The MINOS result in Ref. [13] is an update to their former result in Ref. [2] (in 2011). In this article, we use the latest results [13, 14] |∆m 2 ee | = 2.59
From Eqs. (11) and (12), |∆m | cannot be determined, either. Thus, we cannot draw a conclusion on the mass hierarchy from the analysis above.
To be more accurate, through calculations we arrive at the results These results are also displayed in Fig. 1 .
From Eq. (15) or Fig. 1 , we can draw no conclusions on the sign of |∆m (15) can be interpreted as a favor for NH with a p-value to be 58%.
In the calculations and analysis above, we have used mixing angles in Eq. (6) of NH since the small differences between Eqs. (6) and (7) cannot alter the conclusions. In the rest of this article, Eqs. (6) and (7) will be used for calculations in NH and IH, respectively.
II. SIMPLE FITTING ANALYSIS OF MASS SPLITTING
Through our efforts to determine neutrino mass hierarchy in Sec. I, we realize that the two effective mass splitting are by far insufficient to draw a conclusion, and that more mass splitting measurements are necessary. Fortunately, there are also measurements on the solar neutrino mass splitting ∆m 
where ∆m 
Since there are no conclusions from the analysis in Sec. I, we consider it useful to carry out a simple analysis for the two mass splitting ∆m by the two parameters. Then, we minimize
where ∆m
, ∆m
2(exp) 21
are the corresponding experimentally observed values, and σ ee , σ µµ , σ 21 are their experimental errors, respectively. In this fitting, the degree of freedom (DoF) is 3 − 2 = 1.
After detailed calculations, we arrive at the results in Table I , where all the errors from mixing angles, CP phase, and mass splitting are taken into account. The last row of Table I are Table I , the value of χ 2 /DoF in NH, 0.46/1, is smaller than that in IH, 0.86/1. Correspondingly, NH is suggested with a p-value of 50%, larger than the p-value of IH, i.e., 35%. Therefore, both normal and inverted hierarchy are consistent with current experiments, and from the analysis we figure out a slight favor for NH than IH.
III. FITTING COMBINED WITH RECENT T2K RESULTS
Recently, the T2K Collaboration has announced their best-fit mass-squared splitting measured from muon neutrino disappearance experiment [19] : in normal hierarchy (NH) and inverted hierarchy (IH), respectively, using Eqs. (11), (12), and (16) as constraints.
We can simply add these constraints to our fitting by slightly changing the χ 2 functions. For NH, we use
(∆m
For IH, we use
After calculations, we list the fitting results in Table II , and we also draw the central fitting values and the error ranges in Fig. 3 . In this fitting analysis combined with constraints from the T2K experiment, the p-value of NH increases to 62%, and the p-value of IH increases to 55%. Though not able for us to draw a 1σ level conclusion, there remains a slight favor for NH.
IV. DISCUSSIONS AND CONCLUSIONS
In the fitting analysis in Sec. II and Sec. III, we have simply set cos δ = 0±1. To see how the CP phase δ affects the fitting results, we carried out the fitting for different δ. The results illustrated in Fig. 4 and Fig. 5 show that the slight favor for NH is undisturbed by different CP phase setting.
Since neutrinos must be in either NH or IH in the threegeneration neutrino framework, we can try to combine the two fitting results in Table II to construct a relative preference for NH and IH from the Bayesian point of view [6] . The spirit of this Bayesian approach is adjusting our estimation of the reality to the information we gathered. In the following discussion, we denote the collected experimental data by x. Consequently, P (NH|x) and P (IH|x) stand for our subjective preference for NH and the preference for IH based on the data, and there must be P (NH|x) + P (IH|x) = 1.
According to Bayes' theorem, there are 
where P (NH) and P (IH) stand for our preferences for NH and IH before we know the data, and we have used simply P (NH) = P (IH) = 50%. From our results in Table II , we have P (x|NH) = 62% and P (x|IH) = 55%. Together with Eq. (23), these finally lead to our relative preferences for NH and IH in the Bayesian viewpoint:
Thus, the preference ratio of normal vs. inverted mass hierarchy is 53% vs. 47% in the Bayesian approach.
The results in Table I, Table II , Eq. (24), and Fig. 5 indicate a slight preference for NH. Nonetheless, we cannot draw a stronger conclusion because of the low accuracy of the mass splitting measurements. When there are more accurate experimental values for the mass splitting in the future, our simple fitting method will be more useful to settle the neutrino mass hierarchy problem. In addition, our simple fitting method is able to figure out possible disagreement among different measurements on the mass splitting ∆m . Possible conflicts appearing from the fitting analysis could reveal new physics beyond the three-generation neutrino framework.
In conclusion, we suggest an analysis to determine the neutrino mass hierarchy using the available measurements on the mass splitting |∆m chy. Both normal and inverted hierarchy are consistent with current experiments. The p-value for normal hierarchy and that for inverted hierarchy are 62% and 55%, respectively. This reveals a slight favor for the normal hierarchy, and this preference for normal hierarchy is not disturbed by different CP phase setting (Fig. 5 ). To draw a stronger conclusion on neutrino mass hierarchy, more accurate measurements on the mass splitting are necessary.
